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ABSTRACT 


Radiant  e:qpo8ure  values  are  reported  for  sustained  flaming 
ignition  of  black  a- cellulose,  newspaper  and  kraft  corrugated  board 
exposed  to  constant- Irradiance,  thermal  inputs  of  30  ms  duration  and 
longer.  Ibe  radiant  esqposure  values  are  shown  to  be  approximately 
proportional  to  the  thickness  of  the  e:q)osed  material  cuid  not  strongly 
dependent  on  exposure  duratlcxi  for  pulses  this  brief.  The  significance 
of  sustained  flaming  ignition,  relative  to  ablation  effects,  for  pulses 
of  very  brief  duration  is  discussed. 
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SUMMWRY 


The  Problem; 

Both  subklloton-veapcm  air  bursts  and  large-yield  hlgh-altltude 
bursts  generate  very  brief  piilses  of  thermal  radiation.  VAille 
theoretical  considerations  suggest  that  such  short  pulses  are  at  least 
as  efficient  at  producing  incendiary  effects  as  the  longer  duration 
pulses  from  more  ccmventloned  detcmations,  supporting  experimental 
evidence  is  meagre.  Therefore,  the  problem  vu  to  measure  radiant 
exposures  for  the  sustained  ignition  of  cellulosic  kindling  fuels  for 
pvilses  as  short  as  30  nts  duration. 


The  Findings; 

The  resvilts  Indicate  that  for  very  brief  pulses  of  thermal 
radiation,  the  radiant  exposures  required  for  lgnitl(xi  are  not  strongly 
dependent  on  exposure  duration.  The  results  may  be  interpreted  to 
indicate  that  pulses  generated  by  sub-KT  air  bursts  and  megaton  high 
altitude  bursts  are  as  efficient  at  igniting  materials  as  the  longer- 
duratlon  pulses  of  nominal-yield  air  bursts  and  are  significantly  more 
efficient  theui  megaton-yield  air  bursts.  Further,  the  observation  of 
near-explosive  ablation  of  organic  solids  er^oeed  to  extreme  levels  of 
radiant  power  suggests  that  structural  damage  by  liqpulslve  loading  may 
t>e  an  inqportant  consequence  of  the  brief  thermal  pulse  from  vezy-hl|^- 
altitude  detomtions  of  multimegaton  weapons. 
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REPORT  OF  INVESTIGATION 


INTRODUCTION 

The  current  trend  in  weapons  technology  has  brought  about  a 

renewed  interest  in  the  effects  of  very  brief  pulses  of  radiant 

energy#  Air  bursts  of  subkiloton- yield  weapons  and  very-high-altit\ide 

detonations  of  large-yield  weapons  radiate  the  effective  portion  of 

their  thenoal  energy  in  times  of  the  order  of  tens  to  hundreds  of 
1  2 

milliseconds.  *  In  order  to  assess  the  incendiary  capabilities  of 

these  innovations,  it  is  necessary  to  extend  our  knowledge  of  ignition 

behavior  to  shorter  exposiire  times.  This  is  a  report  of  recent  work 

at  NRDL  which  atten^ts  to  provide  such  information  based  on  results  of 

exposures  pushing  to  the  limit  of  the  carbon-arc,  mechanical- shutter 
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system  (up  to  100  cal  cm  sec  and  down  to  ^0  ms). 


BACKCBOUND 

Most  of  the  previous  work  done  on  thermal  Ignition  has  dealt  with 
pulse  durations  representative  of  nomlnal-KT  to  MT  range  air  bursts. 

In  the  eeurly  days,  a  large  amount  of  data  cn  ignition  energies  vas 
collected  using  trleagular  and  square- wave  pulses  of  about  1-sec  duration. 
More  recently  the  effort  In  this  field  has  taken  two  directions:  (1) 
the  detailed  study  of  ignition  behavior  of  an  idealised  kindling  fuel, 
o-cellulose,  in  terms  of  the  parameters  of  the  exposure  (including  its 
duration)  and  the  properties  of  the  fuel^'^'^and  (2)  the  direct 
measurement  of  radiant  ejqKieure  values  for  the  ignition  of  specific 
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kindling  fuels  exposed  to  pulses  accurately  simulating  the  tlme- 
irradlance  characteristics  of  the  thermal  radiation  from  KX  emd 
MF  air  bursts. For  the  most  part|  these  studies  utilized  squsure- 
wave  exposures  measured  in  seconds  (seldom  less  than  l/2  sec)  and 
simulated  weapon  pulses  of  at  least  2  sec  duration  (the  tlsw  during 
which  80  percent  of  the  total  energy  is  delivered). 

3  k 

The  work  at  NRDL,  a  generalized  treatment  of  ignition  behavior,  * 
led  to  the  following  conclusions  (appropriate  to  short  pulses): 

1.  For  pulses  shorter  than  a  certain  vsilue,  which  is  proportional 
to  the  square  of  the  thickness  of  the  fuel  and  inversely  proportional  to 
the  thermal  diffuslvlty,  the  radiant  e:q>osure  required  for  svmtained 
Ignition  is  appzmlmately  constant. 

2.  The  square-wave  pulse  emd  the  air-bunt-weapon  pulse  genente 
the  same  ignition  phenomena,  only  when  the  irradiance  level  of  the  squan 
wave  is  about  one  third  of  the  peak  irradiance  of  the  weapon  pulse. 

3*  For  short  pulses,  the  characteristic  pulse  of  the  air  bunt 
is  more  efficient  (i.e.,  it  ignites  celluloseic  fuels  with  about  30 
percent  less  delivered  energy)  than  the  squsm-wave  iqput. 

Recent  studies  of  the  pyrolysis  phase  of  the  ignition  process  ' 

shed  some  light  on  what  is  to  be  expected  as  eiqpoeun  duntions  an 

0 

made  increasingly  shorter.  It  has  been  shown  that  intensely  irradiated 
cellulose  ignites,  but  is  not  necessarily  sustained,  when  the  te^pentun 


•  Two  USHRDL  technical,  nports  will  be  published  soon  dealing  with  the 
kinetics  and  volatile  products  of  the  pyrolysis  reactions  in  thenally 
irradiated  cellulose. 


of  the  exposed  surface  reaches  a  fixed  value  (believed  to  be  In  excess 
of  600^C)  and  that  the  incident  energy  required  for  Ignition  Is  Inversely 
proportional  to  the  Irradlance  level  and  Independent  of  the  thickness. 

At  about  this  point,  the  solid  surface  conmences  to  ablate  rapidly  and 
shortly  thereafter  attains  to  a  steady- state  ablation  rate  and 
teaperature  profile.  The  steady- state  ablation  rate  Is  proportional  to 
the  Irradlance  level  and  the  to't’al  amount  ablated  Is  proportional  to  the 
radiant  esqposure.  Sustained  Ignition  Is  thought  to  occur  when  the 
tenperatuxe  of  the  back  surface  of  the  material  rises  to  some  200-?00^C. 
Accordingly,  the  amount  of  unablated  material  remaining  at  the  onset  of 
sustained  Ignition  Is  inversely  proportional  to  the  Inradlance’  level 
and  Independent  of  the  original  thickness. 

If  the  Irradlance  level  is  vesry  high  (In  keeping  with  very  stuNrt 
exposure  durations),  the  overall  energy  requirement  of  the  process 
described  will  be  dependent  primarily  on  the  thickness  (actually  the 
product  of  thickness  and  volumetric  heat  capacity)  of  the  material  and 
Independent  of  exposure  duration.  This  can  be  seen  most  readily  hy 
considering  the  following  hypothetical  exaaple. 

A  dark  cpaque  celluloslc  solid  having  typical  thexnal  properties, 
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when  exposed  to  100  cal  cm  sec  ,  Ignites  spontaneously  about  6  me 
after  the  exposure  begins.  The  tenperature  profile  at  this  Instant 
Is  vezy  steep  near  the  surface.  Temperature  of  active  pyrolysis 
extend  Into  the  material  less  than  0.001  In. 

The  material  has  already  begui  to  ablate,  of  course,  and  sosm 
10  as  later  the  process  is  a  steady-state  one  with  an  ablation  rate 
of  roughly  0.001  in.  every  10  as  (about  0.2  cm  sec~^).  The  steady- 
state  temperature  profile,  though  not  as  steep  m  the  transient  profile. 
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Is  steep  enough  so  that  by  the  time  the  bach  surface  temperature  has 
risen  to  a  point  capable  of  sustaining  the  Ignition,  the  front  surface 
has  moved  to  within  a  few  thousandths  of  an  Inch  of  the  back  surface. 

Since  the  amount  ablated  Is  proportional  to  the  radiant  exposure, 
the  radiant  exposure  required  for  sustained  Ignition  should  be  pro¬ 
portional  to  the  original  thickness  less  the  little  bit  remaining.  The 
difference  (l.e.,  the  energy  required  to  ablate  away  the  remaining 
materlcO.)  becomes  a  less  significant  fraction  of  the  whole  for  thicker 
materials  at  any  irradlance  and  for  higher  Irradlances  on  a  material  of 
given  thickness. 


EXFERIICNTAL 

Q 

The  modified  ;6  In.  paraboloidal  mirror,  carbon-arc  source  was 

uaed  to  provide  the  radiant  energy.  This  source  Is  capable  of  delivering 
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Irradlance  levels  of  about  100  cal  cm  sec  xmlform  to  percent  over 
a  circular  area  of  diameter.  It  la  equipped  with  a  high  speed, 

air-driven  shutter^^whlch  has  an  opening  time  (and  closing  tiam)  of  3 
ms.  Exposvire  times  as  short  m  20  ms  can  occasionally  be  achieved  by 
the  shutter,  but  30  ms  exposures  are  more  \isuBd.  Fig.  1  la  an 
osclUoscqplc  trace  of  a  phototube's  response  to  a  29'ms  pulse  (time 
smasured  between  the  half  power  points).  FOr  very  short  exposures, 
the  pulse  Is  more  of  a  trapezoidal  wave  than  a  square  wave. 

To  measure  tiaies  of  exposure  as  short  as  these.  It  warn  necessary 
to  rasort  to  a  phototube  circuit  with  a  fast  counter- timer  reaid-out. 

As  shown  In  Fig.  2,  an  eaqiosure  aperture  (the  same  one  used  In  previous 
studies)  was  modified  In  such  a  way  as  to  allow  exposure  of  a  sai^le 
and  slsniltaneous  swasurement  of  exposure  duration.  The  accuracy  of  the 
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timer  count  was  verified  on  several  preliminary  trials  by  coiqparing  it 
to  the  pulse  width  as  masured  by  the  timing  phototube  eind  by  another 
phototube  which  viewed  the  pulse  through  the  exposure  aperture.  The 
phototube  outputs  were  displayed  on  an  oscflloscppe  with  accurately 
calibrated  time  scale.  An  exaople  of  the  comparison  is  shown  in  Fig. 

5. 


The  procedure  followed  was  the  one  used  in  earlier  investigations. 

The  samples,  black  a- cellulose,  newspaper  and  kraft  corrugated  board, 

-2  -1 

were  exposed  to  irradiance  levels  of  $0,73  uid  100  cal  cm  sec  .  The 
exposure  duration  was  varied,  reducing  it  when  the  previous  sample 
ignited  smd  increasing  it  when  a  sample  failed  to  ignite,  until  the 
threshold  value  was  determined  as  precisely  as  the  system  allows.  Then 
the  irradiance  level  was  measured  using  the  Mark  VI,  Mod  2  calorimeter.^ 


RESULTS 

The  Bieasured  ejqposure  durations  and  cosputed  radlant-e^qposure  values 
for  the  sustained  ignition  of  each  of  the  materials  ejqposed  are 
listed  in  Table  1.  Grossly  considered,  the  zadlant  e]Q>o6ures  required 
for  ignition  are  relatively  constant  over  times  of  exposure  of  such 
brevity.  There  is  a  small  but  significant  (and  consistent)  upward 
trend  towsu^  higher  irradiances  and  shorter  e]q;>osure  times.  The  data 
are  plotted  in  Figs,  k  and  3  to  show  their  agreesmnt  with  previous 
results.^ 

All  samples  which  failed  to  sustain  ignition  after  being  given 
exposures  corresponding  to  the  threshold  of  sustained  ignition  were 
drastically  reduced  in  thickness  in  the  area  eiqpoeed.  As  suggested 
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TABLE  1 


SQUARE-WAVE  PULSE  IGNITION  VALUES 


Description 

Optical 

Ibsorptivlty 

Thickness 
(cm)  (mils) 

Density 
(cm  cm"') 

Zrradlance 
(cal  cm’^sec"^) 

Duration 
(m  sec) 

Fadlant 
Exposure 
(cal  cm’^' 

Black  a- cellulose 

0.9 

0.012 

0.62 

50 

62 

3.1 

Mo.  4090 

75 

1.7 

3.5 

100 

35 

3*5 

Black  a-cellulose 

0.9 

.017 

.64 

50 

96 

4.9 

No.  U09I 

■I 

75 

76 

5.6 

100 

55 

5.3 

Black  a* cellulose 

0.9 

.024 

•65 

50 

140 

No.  4092 

75 

105 

100 

78 

Black  a- cellulose 

0.9 

.027 

11 

•67 

50 

160 

Mo.  4095 

75 

125 

9«4 

100 

95 

9.5 

Black  a- cellulose 

0.9 

.055 

13 

.66 

50 

210 

10.5 

No.  4094 

75 

160 

12.0 

100 

122 

12.2 

Black  Q>cellulose 

0.9 

.054 

21 

.67 

50 

580 

19.0 

No.  4095 

75 

200 

21.0 

100 

220 

22.0 

Black  Q- cellulose 

0.9 

.076 

31 

.66 

50 

606 

50.3 

No.  4096 

75 

454 

54.0 

100 

586 

36.6 

Newspaper#  darkest  areas 

o.e 

.000 

5 

.62 

50 

42 

2.1 

75 

55 

2.5 

100 

26 

2.8 

Newspaper#  half-tone  areas 

0.6 

.000 

5 

.62 

50 

60 

5.0 

75 

40 

5.0 

100 

55 

5.5 

Newspaper#  text  areas 

0.6 

.006 

3 

.62 

50 

80 

4.0 

75 

60 

4.5 

100 

50 

5.0 

1 

Newspaper#  leiprlnted 

0.55 

.000 

3 

.62 

50 

110 

5.5 

75 

60 

4.5 

100 

55 

5-5 

Kraft  fibre  board# 

200- lb.  corrugated 

0.7 

.052 

15 

.66 

50 

260 

15 

first  thickness  only 

Rfaft  fibre  board# 

50 

«1200 

*60 

200-lb.  corrugated# 
total  thickness  1 

75 

-1500 

-100 

100 

1550 

155 
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earlier,  the  remaining  thickness  was  Independent  of  the  original 

thickness.  The  remaining  thickness  of  several  such  samples  e:Q>osed  to 
-2  -1 

100  cal  cm  sec  was  measured  with  a  micrometer  and  found  to  be 
0.00s±0.0002  In.  From  this,  knowing  the  exposure  duration  and  the 
original  thickness,  it  is  possible  to  calculate  the  overall  ablation 
rate.  Table  2  Illustrates  how  these  estimates  were  obtained  and  lists 
their  values.  Internal  agreement  Is  good  and  the  agreement  with  weight 
loss  measurements  at  lower  irradiances*  is  satisfactory  (0.17  cm/eec 
calculated  from  1  mg/cal  weight  loss  assvunlng  a  density  of  0.6  gm/cm^). 


TABLE  2  ABLATION  RATE  AT  100  CAL  CM'^SEC"^ 


Dtteriptlon 

Original 

TMckncac 

L«J_ 

rinal 

Thlcknecs 

(cn) 

Thicknccg 

Ablated 

(cm) 

Duration 
(a  see) 

Bate 

(ca  aec*^) 

Bl*ck  0*cellulo«e,  Ito.  1»090 

0.012 

0.005 

0.007 

35 

0.2 

Black  o-cellmoac,  No.  k091 

.017 

.005 

.012 

53 

•23 

Black  a*eelluloae,  No.  k09P 

.021* 

.005 

.019 

76 

.?k 

Black  a-calluloM,  No.  1*09? 

.067 

.005 

.062 

95 

•23 

Black  o-cellulCM«,  No.  k09l* 

•033 

.005 

.060 

122 

•25 

Black  a-cellaloM,  No.  k09? 

.051* 

.005 

.<A9 

220 

.22 

Black  Gi-cclluloce,  No.  1*096 

.078 

.005 

.075 

566 

•19 

*  Ubpublished  data  -  see  footnote  on  page  2. 
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DISCUSSK^  OF  RESULTS  AND  CONCLUSIONS 


These  results  completely  substeuitiate  the  contention  that  for 

very  short  pxilses  the  radiant  exposures  required  for  sustained  ignition 

are  not  strongly  dependent  upon  exposure  duration.  Acttxally,  there  is 

a  gradual  increase  in  the  threshold  radiant  expos\are  going  to  shorter 

exposures  j  but  this  is  probably  less  than  a  factor  of  two  over  an  order 

-l/4 

of  magnitude  change  in  time,  i«e*,  Q  varies  as  about  t  '  ,  where  Q  is 
radiant  exposure  and  t  is  exposure  duration.  The  reason  for  this  upward 
trend  is  not  irnroediately  obvious.  It  probably  is  a  reflection  of  the 
overall  endothermicity  of  the  ablation  process  which  plays  an  increas¬ 
ingly  greater  role  at  the  hi^er  irradiance  levels.  It  may  be  a  result 
of  the  system  being  overdriven,  that  is,  the  overall  process  becoming 
reaction  rate  rather  than  heat  diffusion  controlled  with  consequent 
higher  than  "normal**  tenperatures  associated  with  each  subprocess.  We 
are  currently  making  surface  temperatxire  measurements  as  a  functicxi  of 
time  during  exposure  in  an  attempt  to  answer  some  of  these  questions. 

Some  difficxalty  was  encountered  in  detecting  the  onset  of 
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sustained  flaming  at  the  100  cal  cm  sec  level.  Transient  flaming 
occurs  almost  Immediately  after  the  exposxire  begins  and,  throu^out  the 
exposure,  profuse  flames  jet  out  as  much  as  a  foot  in  front  of  the  e^q)08ed 
surface.  However,  unless  the  exposxire  continues  until  the  material  is 
ablated  away  almost  completely,  sustained  flaming  falls  to  occtir.  An 
exposure  lasting  10-20  ms  longer  does  ablate  the  material  away 
cooopletely  and,  consequently,  there  is  nothing  left  in  the  c3q>08ed  area 
to  sustain  the  flame.  Flames  do  persist  in  the  remaining  material 
I)cripheral  to  the  spot,  but  this  kind  of  behavior  is  characteristic  of 
the  spot  geometry  of  exposure  and  is  not  generally  pertinent  to  expoBure 
in  the  unapertured  radiation  field  of  a  nuclear  detonation.  With  still 
shorter  pulse  of  higher  irradiance,  there  arises  a  serious  question  of 
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the  significance  of  the  sustained  flaming  threshold  in  an  isolated  fuel 
element* 

Of  course,  if  the  fuel  element  is  partially  shadowed,  then  it  is 
entirely  reasonable  to  e^qpect  it  to  act  just  as  these  samples  did*  And, 
moreover,  in  a  fuel  bed  where  one  fuel  element  shades  its  neighbor  and 
is  frequently  located  nearby  in  such  a  position  that  it  is  subsequently 
bathed  in  the  flames  of  its  neighbor,  it  is  reasonable  to  e^ect  that 
not  only  will  flames  persist,  but  eilso  the  interaction  will  mari^edly 
reduce  the  required  radiant  ejqposure*  Even  a  single  fuel  element  might 
exhibit  such  behavior  if  it  is  geometrically  complex,  e*g*,  a  crumpled 
sheet  of  newsx)aper* 

There  is  another  effect  of  exposure  of  organic  solids  to  veiy 
high  levels  of  radieuit  power*  During  the  course  of  the  experimental 
work,  a  detectable  mechanical  impulse  associated  with  the  ablation 
process  was  observed*  At  radiant  power  levels,  an  order  of  meigaitude 
greater  than  those  used  here,  it  may  be  possible  to  generate  peak  over¬ 
pressures  which  would  be  large  enough  to  cause  structural  damage  to 
buildings*  It  is  noteworthy  that  this  effect  is  entirely  independent 
of  the  thickness  of  the  exposed  material* 

Both  nGw&x)aper  and  kraft  corrugated  board  exhibited  some  anomalous 
behavior  at  the  hi^  irradiances  and  short  exposures  used*  With  more 
conventicxial  Inputs,  newspaper  behaves  as  though  it  were  node  xxg  of  three 
parts;  unprinted,  medium  printed  (text  and  half-tone),  and  dark  printed 
(headlines  and  "blacks**  of  pictiures).  The  darkest  parts,  having  the 
highest  absorptivity,  ignite  with  the  least  radiant  exposure*  If  they 
constitute  a  significant  area  of  the  exposed  sheet,  they  probably 
govern  the  ignition  of  the  ^olc  newspaper*  The  text  and  half-tone 
areas  require  more  thermal  input  to  ignite  than  the  dark  areas,  and  the 
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xmprinted  areas  require  the  most.  The  text  areas  make  yxp  the  hulk  of 
the  newspaper  and  for  this  reason  may  be  of  major  concern.  However >  at 
the  shox't  exposure  times  of  this  study,  the  text  areas  acted  as  though 
they  were  made  up  of  two  Independent,  noninteracting  parts- -the  printed 
and  the  linprlnted  areas.  The  printed  areas  burned  through  at  radiant 
exposure  levels  corresponding  to  those  for  sustained  lgnltl<Mi  of  the 
large  dark  areas  (headlines  emd  pictures)  of  the  paper,  but  failed  to 
cause  sustained  Ignition  of  the  whole  sample.  It  took  radiant  exposures 
nearly  as  large  as  those  required  for  the  unprlnted  borders  of  the 
nevsp^er  to  cause  sustained  Ignition  of  the  text  areas.  It  Is  concluded 

that  newspaper  will  sustedn  Ignition  for  square-wave  e3q>08ure8  of  2  to 

-2 

5  cal  cm  delivered  in  50  to  100  ms,  depending  upon  the  amount  and  kind 

of  printing*  Qy  way  of  emtrast,  even  the  darkest  areas  are  expected 

-2 

to  require  some  20  to  30  col  cm  to  sustain  flame  after  exposure  to  a 
lO-MT  air  burst 

With  longer  duration  exposures,  kraft  corrugated  board  acts  as 

though  It  were  a  coo^oslte  fuel  whose  ignition  behavior  Is  governed  by 

the  first  {exposed)  layer  of  the  corrugation*  While,  In  this  study  of 

short  exposiures,  the  first  layer  did  ignite  as  expected.  It  was  unable 

to  Induce  the  sustained  burning  of  the  whole.  It  Is  believed,  however, 

that  this  Is  due  to  conduction  of  heat  away  from  the  Ignited  area  by 

the  bulk  of  unexposed  material  surrounding  It  rather  than  a  result 

characteristic  of  short  pulses.  A  "cardboard”  box  exposed  over  one 

whole  suxTace  would  vexy  probably  sustsdn  ignition  after  exq>08ure  to  a 

-2 

brief  pulse  of  some  15  to  20  cal  cm  as  shown  by  the  data  In  Table  1 
for  the  first  thickness* 

It  was  stated  earlier  that  for  short  exposures,  the  characteristic 
pulse  of  a  nuclear  weapon  air  biirst  Is  more  efficient  at  Igniting 
materials  than  the  corresponding  square-wave  exposure  *  While  there  Is 


no  direct  evidence  along  these  lines  for  the  case  of  very  brief  exposures, 
it  seems  quite  likely  from  the  nature  of  the  ignition  curves  for  the  two 
types  of  input  that  the  relationship  holds  here  as  well#  Kecognlzing 
the  current  state  of  unceitainty  about  pulse  shapes  from  hlgh-altltude 
detonations  of  large  weapons  euid  low-altitude  detonat'tons  of  sub-kiloton 
weapons,  we  can  conclude  only  that  radiant  exposures  for  ignition  by 
such  brief  pulses  may  be  less  than  those  reported  here  but  are  probably 
greater  than  two  thirds  of  these  vedues# 
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Fig.  2  Arrugenent  of  Timing  Phototube  in  Ea^osure  Aperture 
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IRRADIANCE  (col  cm'^sec') 


Fig.  4  Igaltlon  of  Alph- Cellulose.  Curves  are  taken  frcn  previous 
investigations  (Reference  4  and  and  have  been  extra¬ 
polated  to  fit  new  data,  retaining  the  proportionality 
between  radiant  eiqposure  and  thickness.  The  rapidly 
descending  portions  of  the  curves  are  thresholds  of  transient 
ignition.  (For  description  of  aaterlals  see  Table  1). 
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IRRADIANCE  (col  Cfif^sec') 


Flg«  3  Ignition  of  Newspaper  Curves  are  Derived  from  Figure  4 

using  the  principles  described  In  Reference  ^  to  account 
for  the  different  optical  absorptlvltles  of  the  various 
parts  of  the  newspaper  (See  Table  1).  Symbols  Indicate: 
0-unprlnted  areas;  A -text;  □  -half-tone  areas;  0  -darkest 
areas. 
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1  New  York  University  (Benderson  ) 

1  New  York  University  (Richtmeyer) 

1  Northeastern  University 

1  Nuclear  Materials  and  Equipment  Corporation 

1  Nuclear  Metals,  Ine. 

1  Office  of  Assistant  General, General  Couneel  for  Patents 
1  Pennsylvania  State  University 

4  Phillips  Petroleum  Company 

1  Power  Reactor  Development  Company 

3  Pratt  and  Whitney  Aircraft  Division 

1  Princeton  University  (White) 

1  Public  Health  Service,  Las  Vegas 

1  Public  Health  Service,  Montgomery 

2  Public  Health  Service,  Washington 

1  Purdue  University 

1  Research  Analysis  Corporation 

1  Rensselaer  Polytechnic  Institute 
1  Sandia  Corporation,  Albuquerque 

1  Sandia  Corporation,  Livermore 

1  Space  Technology  Laboratories,  Ine.  (NASA) 

1  Stanford  University  (SIAC) 

1  Stevens  Institute  of  Technology 

1  Tennessee  Valley  Authority 

1  Technical  Research  Group 

1  Texas  Nuclear  Corporation 

2  Union  Carbide  Nuclear  Company  (ORGDP) 

5  Union  Carbide  Nuclear  Company  (ORNL) 

1  Union  Carbide  Nuclear  Company  (Paducah  Plant) 

2  United  Nuclear  Corporation  (NDA) 

1  University  of  California,  Los  Angeles 

2  U.  of  California  Lawrence  Radiation  Lab.  Berkalagr 

4  U.  of  California  Lawrence  Radiation  Lab.  lAvenaore 

1  University  of  Puerto  Rico 

1  University  of  Rochester  (Atomic  Ehergy  IVoJaet) 

2  University  of  Rochester  (Marshak) 

1  University  of  Washington  (Qabelle) 

1  University  of  Whshlngtcn  (Rohde) 

1  US.  Geological  Survey,  Denver 

1  US.  Geological  Survey,  Menlo  Park 

1  US.  Geological  ^vey.  Naval  Wa^iona  Plant 
1  US.  Geological  ^vey,  Maahlngtcn 
1  Wastem  Reserve  University  (Major) 
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4  Westlnghouse  Bettis  Atomic  Power  Laboratosry 

2  Westinghouse  Electric  Corporation  (RahiUy) 

1  Meetinghouse  Electric  Corporation  (NASA) 

1  Yale  University  (Schulte) 

1  Yale  University  (Breit) 

1  Yankee  Atomic  Electric  Company 

25  Technical  Information  Extension,  Oak  Ridge 

USMRDL 

55  Technical  Information  Division 
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